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SUMMARY 
At the present time, environmental pollution is one of the hazards for human life and 
health. All development countries in the world try to find a way to eliminate 
environmental pollution. One of the main problems causing environmental pollution 
is wastewater pollution.  
Dyes constitute a large part of pollutants, which are induced to wastewater pollution. 
They have long been used in dyeing, paper and pulp, textiles, plastics, leather, 
cosmetics and food industries. Many dyes are toxic to some microorganisms and may 
cause direct destruction or inhibition of their catalytic capabilities. The methylene 
blue is one of them. Many conventional treatment technologies for dye removal have 
been applied by now including coagulation and flocculation, biosorption, photo-
decomposition and ultra-filtration, oxidizing agents, membrane and electrochemical. 
Amongst them, adsorption methods are predominant. Research efforts are currently 
targeting the development of effective, low-cost, and non-toxic adsorbents. 
The aim of this study is to investigate the removal of Methylene Blue (MB) dye from 
aqueous solutions by the adsorption on Alginate-Clay hybride beads adsorbents. For 
this reason, a novel strategy was used to prepare Alginate–Clay hybride beads. 
Alginate-Clay beads were prepared by dropping the Alginate-Clay suspension into 
CaCl2 solution. The obtained hydrogel beads were taken in distillate water and left in 
deep-freeze at -21
0
C for 24 hours. Mixture was defreezed and subsequently the beads 
are filtered and dried at room temperature. These beads are used to remove MB from 
water. The influence of adsorption time, adsorption temperature and initial MB 
concentration on the removal efficiency were investigated. Experimental tests were 
conducted in a batch process. The experimental data were analyzed using Langmuir, 
Freundlich, Tempkin and Dubinin-Radushkevich isotherm models. Pseudo-first 
order, pseudo-second order, intraparticle diffusion and Elovich kinetic models were 
used to examine the experimental data in two different initial MB concentrations. 
Thermodynamic analysis was carried out for the dye-adsorbent system. Surface 
morphology was also examined using Scanning Electron Microscopy (SEM). All 
models showed a favorable adsorption however out of the investigated models 
Freundlich model fitted better to the experimental data. The second order kinetic 
model well matched to experimental data. Prepared low-cost hybride hydrogels 
showed high removal efficiency from aqueous water.  
In conclusion, Alginate-Clay biosorbent prepared in this research is a good adsorbent 
candidate to remove methylene blue dye from aqueous water. It is cheap, the 
preparation of beads is a very easy process and more importantly Alginate-Clay 
beads are non-toxic and biodegradable, consequently environmentally friendly 
materials. 
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ÖZET 
Günümüzde çevre kirliliği, insan yaşamı ve sağlığı için tehlike oluşturan 
unsurlardan bir tanesidir. Çeşitli kaynaklardan çıkan katı, sıvı ve gaz 
halindeki kirletici maddelerin hava, su ve toprakta yüksek oranda birikmesi 
çevre kirliliğinin oluşmasına neden olur. Etkili ve geniş kapsamlı önlemler 
alınmaz ise dünyamızdaki tüm canlı varlıklar için yaşama şartları durmadan 
bozulmaya devam edecektir. Bu nedenle, tüm gelişmiş ülkeler çevre 
kirliliğini önlemenin bir yolunu bulmak için araştırmalar yapmaktadır. Çevre 
kirliliğinin sebebi olan problemlerden biri su kirliliğidir. Su kirliliği, 
istenmeyen zararlı maddelerin, suyun fiziksel, kimyasal ve biyolojik 
özelliklerini değiştirecek oranda bozmalarını sağlayacak miktar ve 
yoğunlukta suya karışma olayıdır. Konutlar, endüstri kuruluşları, termik 
santraller, gübreler, kimyasal mücadele ilaçları, tarımsal sanayi atık suları, 
nükleer santrallerden çıkan sıcak sular ve toprak erozyonu gibi süreçler ve 
maddeler su kirliliğinine neden olan başlıca kaynaklardır.  Su kirliliğine 
neden olan kirletici maddelerin büyük çoğunluğunu boyalar oluşturmaktadır. 
Boyalar  kağıt ve kağıt hamuru, tekstil, boya, plastik, deri, kozmetik ve gıda 
endüstrilerinde kullanılmaktadır. Boyaların birçoğu bazı mikroorganizmalara 
zararlıdır ve doğrudan tahribata ya da mikroorganizmaların katalitik 
kapasitelerinin engellenmesine sebep olabilir. Aynı zamanda birçoklarının 
karmaşık yapısı ve sentetik kökenleri nedeniyle, bulundukları ortamdan 
renginin giderilmesi ve biyolojik olarak ayrıştırılabilmesi zordur. Metilen 
mavisi bu tür boyalardan bir tanesidir. Boyaların sudan uzaklaştırılması için 
bu güne kadar boyaların cinsi, ortamda bulunan miktarı, uzaklaştırılması için 
gereken kimyasal ve malzeme maliyetleri birer faktör olarak incelenmiş 
sonuç olarak koagülasyon, flokülasyon,, foto oksidasyon, elektrokimyasal 
adsorpsiyon, ultrafiltrasyon, membran ve elektrokimyasal gibi birçok yöntem 
kullanılmıştır. Ancak söz konusu yöntemlerin çoğu pahalı ve çevreye etkisi 
olan yöntemlerdir.  Adsorpsiyon yöntemi tasarım basitliği ve işletim kolaylığı 
açısından bu yöntemlerin arasında en yaygın olanıdır. Bu yöntem bir türü sıvı 
ya da gaz fazdan ekstrakte ederek bir katı fazın üstüne konsantre edildiği bir 
prosestir. Katı faz olarak kullanılan adsorban, konsantre edilmeye çalışılan tür 
ise adsorbat olarak adlandırılır. Adsorpsiyon işlemini etkileyen temel 
faktörler, adsorbanın yüzey alanı, tanecik çapı, karıştırma hızı, ortam pH’ı ve 
sıcaklık gibi faktörlerdir. Bu güne kadar adsorbsiyon çalışmalarında birçok 
xxii 
madde adsorban olarak denenmiştir. Kabul gören en iyi adsorbanlardan biri 
aktif kömürdür ancak pahalı bir adsorbandır. Son yıllarda bu konudaki 
çalışmalar düşük maliyetli, toksik olmayan ve kirletici maddeyi etkin olarak 
çekecek yeni adsorbanlar bulmayı hedeflemektedir. 
Bu çalışmanın amacı Aljinat-Kil komposit küreler oluşturarak, sulu 
çözeltiden metilen mavisinin adsorpsiyon yöntemi ile uzaklaştırılmasının 
incelenmesidir. Sistemde Aljinat-Kil hibrid küreleri adsorbant, metilen mavisi 
ise adsorbat olarak kullanıldı. Alginat kahverengi deniz yosunundan elde 
edilen bir biopolymer ve hidrojeldir. Manurik asit ve guluronik asit 
birimlerinin tekrarlanması ile oluşan kopolimer yapıdadır. Günümüzde ultra 
saf alginate üretilmekte ve farklı alanlarda kullanılmaktadır. Biopolimer 
yapısı ve toksik özelliğinin bulunmaması nedeniyle özelikle gıda ve ilaç 
sanayinde katkı maddesi olarak yaygın kullanım alanı bulmaktadır. Alginik 
asit suda çözünmemesine rağmen sodyum aljinat suda çözünürlüğü olan bir 
polimerdir. Aljinat çözeltileri iki değerlikli katyonlar içeren sulu çözeltiye bir 
enjektör yardımıyla damlatıldığında iki değerlikli iyonlar aljinat çözeltisini 
jelleştirerek suda çözünmeyen ve muntazam küresel yapıda aljinat küreleri 
oluşur. Aljinatın bu özelliği nedeniyle, aljinat küreleri birçok adsorpsiyon 
çalışmasında adsorban olarak kullanılmaktadır. Ayrıca aljinat küreleri içine 
adsorpladığı ilaç aktif maddesini kontrollü olarak salabildiği için, birçok 
kontrollü salım malzemesinin de temelini oluşturur. Ancak aljinat kürelerinin 
adsorpsiyon kapasitesi düşüktür. Bu nedenle aljinat küreleri diğer bazı 
polimerlerle veya doğal malzemelerle karıştırılıp adsorpsiyon kapasitelerinin 
arttırılması istenir. Öte yandan kil, insanlığın çok uzun yıllardan beri çeşitli 
amaçlarla kullandığı, doğal, toksik olmayan ve ekonomik bir malzemedir. 
Kilin geniş yüzey alanı, tane boyutu, katyon değişim kapasitesi gibi 
özellikleri onu çok güçlü bir adsorban kılar. Bu çalışmada aljinat ve kilin 
adsorban olarak avantajlarını birleştirerek yeni bir stratejide hibrid aljinat-kil 
küreleri hazırlandı ve metilen mavisi örnek kirletici olarak seçilerek, hibrid 
kürelerin metilen mavisine karşı adsorpsiyon etkinliği incelendi. İlk adımda 
hazırlanan homojen Aljinat-Kil süspansiyonu iki farklı konsantrasyonda 
CaCl2 çözeltisine bir enjektör yardımıyla damlatıldı. Böylelikle Aljinat ile +2 
değerlikli kalsiyum iyonları arasında yumurta kafes sisteminin oluşması 
sağlandı. Damlatma işlemi tamamlandıktan sonra CaCl2 çözeltisinde bulunan 
küreler 15 dakika manyetik karıştırıcıda karıştırıldı ve süzüldü. Elde edilen 
hidrojel küreler destile su içine alınarak derin dondurucuda -210C de 24  saat 
bekletildi.  24 saat sonrasında küreler derin dondurucudan alınarak oda 
sıcaklığına getirildi, süzülerek ayrıldı ve oda sıcaklığında kurutuldu. Elde 
edilen Alijinat-Kil hibrid küreleri metilen mavisini sudan uzaklaştırılmasında 
kullanıldı. 0,2 ile 1,6 g/L arasındaki konsantrasyonlarında metilen mavisi 
standart çözeltileri hazırlanarak 664 nm de UV-görünür alan 
spektrofotometresi absorpsiyon değerleri okundu ve kalibrasyon grafiği 
oluşturuldu. Absorpsiyon deneylerinde, suda kalan metilen mavisinin 
konsantrasyonu bu kalibrasyon eğrisi yardımıyla bulundu. Adsorpsiyon 
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deneyleri adsorbanın belirli bir miktarının belli konsantrasyonlarda metilen 
mavisi çözeltisine ilavesi ve sabit sıcaklıkta bir su banyosunda karıştırılması 
ile elde edildi. Belirli zaman aralıları ile çözeltilerden alınan örneklerdeki 
metilen mavisi konsantrasyonları 664 nm de spektrofotometrik olarak tayin 
edildi. Adsorpsiyon süresi, adsorplama sıcaklığı, adsorban miktarının, metilen 
mavisinin başlangıç konsantrasyonunun adsorpsiyona etkisi tek tek incelendi. 
Boyanın ilk temas anlarından itibaren hızla azaldığı sonra azalma hızının 
düştüğü gözlenerek, adsorbanla metilen mavisi arasında güçlü bir etkileşim 
olduğu gözlendi. Sonunda optimal adsorpsiyon süresi 240 dak., sıcaklık 40ºC 
ve adsorban miktarı, 0.8 mg/mL başlangıç konsantrasyonunda 10 mL metilen 
mavisi çözelti hacmi için 0.1 g olarak seçildi. Bu şartlarda hibrid adsorban 
malzemesinin % 95 oranında boyayı sudan çekebildiği tespit edildi. Metilen 
mavisi başlangıç konsantrasyonunun adsorpsiyona etkisi seçilen süre ve 
sıcaklık şartlarında 0.2 ile 1.6 mg/mL arası konsantrasyonlarda incelendi. Bu 
deneyler sonucu elde edilen metilen mavisinin çözeltide kalan denge 
konsantrasyonları ile gram adsorban başına tutulan metilen mavisi değerleri 
farklı adsorpsiyon izotermlerine uygulanarak sisteme en uygun adsorpsiyon 
izoterm modeli tespit edildi Bu amaçla, sırasıyla Langmuir, Freundlich, 
Tempkin ve Dubinin-Radushkevich izoterm modelleri analiz edildi ve her 
modele ait deneysel verilerin regrasyon değerleri ve adsorpsiyon sabitleri 
çıkarıldı. İncelenen tüm adsorpsiyon isotermleri elverişli bir adsorpsiyona 
işaret ederken, deneysel verilerle en uyumlu izoterm modeli Freudlich 
izoterm modeli olarak görüldü. Metilen mavisinin farklı iki başlangıç 
konsantrasyonunda adsorpsiyon zamanına karşılık adsorpsiyon kinetikleri 
incelendi. Deneysel verilere birinci dereceden, ikinci dereceden, intraparticle 
difüzyon ve Elovich kinetik modellerine uygulanarak incelendi. Deneysel 
verilerden hız sabitleri ve regrasyon değerleri heasaplandı. İkinci dereceden 
kinetic modelin deneysel verilere en iyi uyan model olduğu görüldü. Boya 
adsorban sisteminin termodinamik analizi yapıldı ve adsorpsiyonun 
endotermik olduğu tespit edildi. Bu çalışmada derin dondurucuda bekletilerek 
elde edilen kürelerin adsorpsiyon kapasitesi, oda sıcaklığında kurutulan 
kürelerin adsorpsiyon kapasitesi ile karşılaştırıldı ve çalışmada izlenen strateji 
ile elde edilen kürelerin asdsorpsiyon kapasitelerinin geleneksel oda 
sıcaklığında kurutularak elde edilen kürelerden daha fazla olduğu tespit 
edildi. Kürelerin derin dondurucuda dondurulmasının yüzey morfolojisine 
etkisi taramalı elektron mikroskobu (SEM) kullanılarak incelendi. -21oC de 
derin dondurucu uygulaması ile hazırlanıp kurutulan kürelerin 25oC oda 
sıcaklığına kurutulan kürelere göre küre yüzeyinde daha fazla gözenekli 
yapıya sahip olduğu gözlemlendi.  
Sonuç olarak, önerilen yolla hazırlanan Alginate-Kil komposit adsorban 
metilen mavisini sulardan uzaklaştırmak için iyi bir aday adsorbandır. 
Hazırlanma yöntemi kolay ve ucuzdur, en önemlisi toksik özellik 
göstermeyen ve  biyobozunur olmasından dolayı çevre dostu bir malzemedir.  
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1.  INTRODUCTION 
At the present time, environmental pollution is one of the hazard for human life and 
health. All development countries in the world try to find a way to eliminate the 
causes of environmental pollution. The large majority of environmental pollution is 
based on the air pollution and wastewater pollution. When the air pollution and waste 
water pollution is compared, the prevention methods of wastewater pollution has 
more variety and efficiency then the prevention methods of air pollution.  
The wastewater pollution is based on domestic and industry. The textile industries, 
leather industries, paper, plastic and other dying industries are sources of industrial 
wastewater [1]. Although there is a ISO-14000 documentary which has regulations 
about environment management system for removing effluents from wastewater, 
industries are inadequate to follow the procedure. Therefore destruction of effluents 
is the main interesting point. Dyes must remove at first as an effluent from 
wastewater [2]. 
There are many varieties of commercial dyes which is produced over 7 x 10
5
 tonnes 
of dyestuff annually. Dyes are not affected by light, water and many chemicals and 
are difficult to be destroyed and removed [3]. They cause some dangerous results on 
aquatic life and sun light for plants [4]. Additionally, dyes cause several healthing 
problems for human. Moreover, dyes used in the some areas such as textile industry 
or cosmetic increases risk being cancer. Therefore removal of dyes is an important 
subject for human health [5]. Many conventional treatment technologies for dye 
removal have been applied by now including coagulation and flocculation, 
biosorption, photo-decomposition and ultrafiltration, oxidizing agents, membrane 
and electrochemical. All that methods have some limitations in the uses so they are 
not enough to success removal of dyes from waste water. The main problem is that 
these methods are not economic so some new methods are developed for this 
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purpose. Adsorption is showed as best technique when compare with other 
techniques for water re-use in terms of economic, operation and insensitivity [6]. 
Recently, studies with the use of low cost adsorbents have become popular. A lot of 
research have been carried out and papers have been published regarding to the use 
of adsorbents such as oak sawdust composite [6], biosolid [7], alginate- kaolin 
composite [8], clay minerals [9], activated carbon [10], clay index of limestone [11], 
alginate-chitosan beads [12], natural Jordanian Tripoli [13], cotton fiber [14], 
alginate micro beads [15], ground palm kernel coat [16],  zeolite [17]  etc. 
The aim of this study was to investigate the removal of Methylene Blue (MB) dye 
from aqueous water by the adsorption on Alginate-Clay hybride beads adsorbents. 
For this reason, we prepared alginate–clay beads in a novel strategy for removing 
methylene blue from aqueous solution. Alginate-clay beads were prepared by 
dropping the alginate-clay suspension into CaCl2 solution. Hydrogel beads formed 
were taken in distilleted water and were freezed at -21
0 
C for 24 hours. Subsequently, 
the solution was defreezed; beads were filtered and dried at room temperature. These 
beads were used to remove methylene blue from water. The influence of adsorption 
time, adsorption temperature, and initial methylene blue concentration on removal 
efficiency was investigated. Experimental tests were conducted in a batch process. 
The experimental isotherms data were analyzed using Langmuir, Freundlich, 
Tempkin and Dubinin-Radushkevich isotherm models. Pseudo-first order, pseudo-
second order, intraparticle diffusion and Elovich kinetic models were used to 
examine the experimental data in two different initial MB concentrations. 
Thermodynamic analysis was carried out for all dye-adsorbent systems. The 
experimental results presented in subsequent sections. 
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2.  BIOPOLYMERS AND HYDROGELS 
2.1 Biopolymers 
Biopolymers are the naturally occurring organic polymers which are produced by 
living organisms. No harmful toxins are used to create them. They contain monomer 
units that are covalently bonded to compose larger structures. They are cheap, 
biodegradable and have low resistivity. 
Biopolymers are divided to two main groups; one of them is produced by 
microorganisms, plants, and animals, and the second is synthesized chemically but 
are derived from biological starting materials such as amino acids, sugars, natural 
fats, or oils [18]. 
Biopolymers which are produced by biological systems are sustainable materials 
because of their biocompatibility and biodegradability [19]. 
2.2 Hydrogels  
Hydrogels, known as networks of hydrophilic polymers, can absorb a remarkable 
amount of water without destroying or losing their structural unity. They are three-
dimensional and network structures [20].  
The natural or synthetic polymers are used for preparation of hydrogels. When 
synthetic and natural polymers are compared, the natural polymers are less 
hydrophobic in nature and chemically weaker. Mechanical strength provides 
durability, however mechanical strength cause slow degradation rate. These opposite 
characteristics should be balanced during application [21]. 
The swelling of hydrogels is affected some parameters such as pH, temperature, 
ionic force and electromagnetic radiation. Because of this, they are used in pulp and 
paper industry, contact lenses production, cellulosic membranes and biomedical 
applications [22]. 
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3.  ALGINATE 
3.1 General Information 
Alginate is one of the most common marine biopolymer and the most widely-used 
biopolymer in the world. Alginate is present in the cell walls and the intracellular 
spaces of brown seaweed.  
 
 
Figure 3.1 : Cell wall structure in the brown algae [23] 
 
In 1881, British chemist E.C.C. Stanford described the algae treating alkali and  
brown algae as known Laminaria stenophylla. Then he added mineral acid to algae 
and described alginic acid. After researches of using alginic acids he started to 
manufacture of alginic acid [24]. 
To extract Alginate, firstly the milled algal tissue is extracted with mineral acid for 
exchaning ions with protons. Then the neutralization process is applied to alginic 
acid using sodium carbonate or sodium hydroxide. After this process to separate 
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algal particles, sifting, floatation, centrifugation and filtration procedures are applied. 
Finally precipitation and drying procedures are applied, respectively [25]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 : The extraction of alginate from seweeds  [25] 
There is a connection between alginate properties and its industrial use. Alginates 
have special characteristics in water, becoming gel and stabilizing properties. They 
are unique, gentle and having a sol gel transition with multivalent cations such as 
Ca
2+
, Ba
2+…etc. so alginate is compatible with alive cells. They are used in 
pharmaceutical and medical uses [26]. 
3.2 Chemical Structure of Alginate 
 
Figure 3.3 : The chemical structure of Alginate [27] 
Alginates, linear polymers, comprises of β-(1 4)-linked D-mannuronic acid (M) 
and α-(1 4)-linked L-guluronic acid (G) residues. There is a difference at C5  
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despite these residues are epimers. Because of it, residues have different 
conformation from each other. The 
4
C1 in the D-mannuronic acid connects 
diequatorial to structure and the 
4
C1 in the L-guluronic acid connects diaxial to 
structure [27]. 
 
Figure 3.4 : The fractions of Alginate [23] 
Figure 3.4 shows that alginates have three fractions. The first and second fractions 
are homopolymeric molecules that contain G and M. The third fraction consists of 
equal proportions of both monomers. Alginate is admitted as a true block copolymer 
which is composed of homopolymeric regions of M and G [26]. 
3.3  Characteristics of Alginate 
3.3.1 Solubility 
The solubility of alginates in water is affected by three parameters which are pH, 
ionic strength and context of gelling ions in the solvents [25]. 
Depending on the type of salts which alginate creates, alginate can be soluble or 
insoluble in water. The salts of polyvalent ions, like calcium (except magnesium), are 
insoluble but the sodium salts, ammonium salts and the salts of other alkaline metals 
are soluble in water [28]. 
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Figure 3.5 : The egg-box model of calcium ion and G-monomers [29] 
As seen in Figure 3.5, calcium ions form an egg-box model with G-monomers. The 
hydrogen bonding increases since an ionic bind occur among alginate and calcium 
ions [29]. 
 
Figure 3.6 : The Gelation format of alginate [26] 
There is a correlation between mechanical strength of alginate gel and affinity for  
di-valent cations. The creating gel speed of alginate molecule and metal cations may 
decrease in the following order: Pb
2+
 > Cu
2+
 = Ba
2+
 > Sr
2+
> Cd
2+
 > Ca
2+
 > Zn
2+
 > 
Co
2+
 > Ni
2+
. On the other hand, the use of most ions is limited in the some 
applications because of the toxicity, and only Sr
2+
, Ba
2+
 and Ca
2+
 are considered as 
nontoxic for these applications. 
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3.3.2 Stability 
The flexibility of polysaccharide chain in the alginate composition has been 
examined for years. The intrinsic flexibility of the blocks decreases in the order 
MG>MM>GG [30]. 
Dry powder of pure sodium alginate can keep in the dry, cool and dark place for 
several months without any degradation. Also it can keep in the deep freezer for 
several years. 
3.3.3 Mechanical properties 
Mechanical properties is the characteristics that indicate the elastic or 
inelastic behaviour of a material under force, stress and strain. 
The mechanical strength increases with the G-content in the beads. It is detected by 
chemical structure and composition when molecular weight is over the certain value. 
Therefore it should be said that the gel forming capability decreases under the certain 
molecular weight [23]. 
3.3.4 Viscosity  
Viscosity can change with interaction between alginic acid and environment. When 
alginic acid has low molecular weight it is viscous and moves slowly.  Additionally, 
it moves fast when degrees of polymerization increases. This property enables 
alginate use for different purposes [30]. 
3.4 Uses of Alginate 
The uses areas of alginates are large because of three main properties of them. The 
first one is to thicken the solution when they dissolve in water. It can be described as 
their ability to increse viscosity of aqueous solution. The second one is that alginates 
forms gel when a calcium salt is inserted to water solution of sodium alginate. The 
third one is calcium alginate forms fibers and sodium alginate or calcium alginate 
can create film form. 
At the present time, alginates are used in food, textile and paper industry 
as coatings, in pharmaceuticals, and making the source electrodes.  
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3.4.1 Food 
Alginate is used as stabilizer, additive and thickening agent in many food products to 
make product fine, smooth and tasty. For example, the bakery industry uses it as 
additive in bread dough. Another example, it is used as the stabilizer of ice cream 
[31]. 
3.4.2 Textile printing  
Alginate has a great significance in the textile industry. A small quantity of alginate 
is sufficient for the replace of a large quantity of starch in yam spinning. Also 
alginate is used as additive in the printing and dyeing industry and a thickening agent 
for dyes and inks [31]. 
Alginate is used to make paint darker and increasing consistency of paints in the 
fabric dyeing. Alginates are combined with cellulose which is inside of fabric, so that 
they do not react with reactive dyes. They can be removed by simple washing 
procedures so they are the best as a thickener for reactive dyes [32]. 
3.4.3 Pharmaceutical and medical uses 
Alginates are used in the pharmaceutical and medical applications because of its 
extreme purity and compatibility with the body. For instance, sodium alginate is used 
for encapsulate proteins, enzymes and live cells. At the same time, there are some 
products which prevent gastric reflux by the physical effect of creating agelatinous 
raft that floats on the stomach contents [33]. 
Alginic acid powder in the water swells. Because of this property, alginates are used 
produce tablet disintegrates and controlled released systems. For these purpose, 
calcium-alginate gels are generated. In order to have mechanical strength, some 
materials such as chitosan can be added to alginate gels [32]. The Ca-Alginate gels 
are used in medical areas like oral and dental health, treatment of open wounds
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4.  CLAY MINERALS 
4.1 Definition of Clays 
Clays have been used by human beings in the different areas for many years 
nevertheless it is a search topic in these days.  There is two general explanation terms 
for clay. The first one is rock term which is defined as natural earthy fine grained 
material. The second one is particle size which is defined finest particles. Some 
arguments defends that finest particles should have largest upper limit being around 
4 μm “equivalent spherical diameter”. But the most general description is that clay 
particle should have less than 2 μm equivalent spherical diameter [34]. 
Clays have a great range of applications, including oil absorbents, iron casting, 
animal feeds, pottery, china, pharmaceuticals, drilling fluids, waste water treatment, 
food preparation, paint etc. 
4.2 Structure of Clay 
 
Figure 4.1: The structure of clay [35] 
The structure of clays consists of the layers of octahedral and tetrahedral sheets. The 
main blocks are the aluminium octahedron and the silica tetrahedron. When looking 
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the interact of Al
3+
 and Si
4+
 with oxygen, the Al
3+
cation takes place in six layer 
octahedral coordination and  the Si
4+
 cation takes place in four layer or tetrahedral 
coordination. Layered silicates are in the 2:1 phyllosilicates structural family. It 
means that there is a central octahedral alumina sheet between two tetrahedral silica 
sheets like sandwich. The van der Walls and electrostatic forces binds them [35]. 
The montmorillonite, hectorite and saponite are the most commonly encountered 
layered silicates. The clay folds make possible delocalization of negative charges. 
After delocalization, the cations make neutral these negative charges. The water 
molecules are hydrophilic nature so they take place between the clay folds [36]. 
4.3 Montmorillonite  
The most common smectite is Montmorillinite (MMT), with a general chemical 
formula is (1⁄2Ca,Na)(Al,Mg,Fe)4(Si,Al)8O20(OH)4.nH2O. Montmorillinite is the 
main constituent of bentonite, derived by weathering of volcanic ash. These group 
minerals can have 10 fold of first volume when they are in water. Their hardness 
value is 1–2 mohs, density is 2-3gr/cm3. There are brown, yellow, white or green 
montmorillonites [36].  
 
Figure 4.2: The structure of montmorillonite [37]. 
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It is in the 2:1 phyllosilicates structural family which has oxygen and hydroxyl ions 
tetrahedrally arranged around central Si atoms. Al
3+
 ion octahedrally coordinates 
with hydroxyl groups. The low-valent cations subsitute the Al
3+
 ions [37]. 
Montmorilllonite has a net negative charge so it leads to adsorption of alkaline earth 
metal ions in the interlayer space. This property is responsible for the activity and 
exchange reactions with compounds. At the same time MMT has dangling hydroxyl 
end-groups on the surface. It means that MMT has large specific area; exhibits good  
adsorb ability, cation exchange capacity and drug-carrying capability [38]. 
4.3.1 Characteristics of montmorillonite clay 
The important properties of montmorillonite are particle size and shape, cation 
exchange capacity, adsorption properties and large surface area. Clay minerals 
especially montmorillonite have widely been employed to synthesize polymer-clay 
nanocomposites due to their swelling behaviour and low cost. 
4.3.2 Use of montmorillonite clay 
The intercalation of organic species into monthmorillonite layeres makes possible a 
useful and suitable route for producing organic–inorganic hybrides which insist 
characteristicss of both the inorganic host and organic guest in a single material [38]. 
Montmorillonite clays have several application areas such as binder, plasticizing 
agent, plasticizer, thickener and gelling agent [35]. 
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5.  DYES 
5.1 Definition of Dyes 
Dyes give their colours to material which links with dyes. Their colour is caused by 
the chromophore groups in their structure which delocalised electron system like 
ionic or aromatic organic compounds. [1].  
5.2 Clasification of Dyes 
There are more then 20 different groups of dyes when viewed from chemical 
structure or chromophore groups. The most important groups are azo (monoazo, 
disazo, triazo, polyazo), anthraquinone, phthalocyanine and triarylmethane dyes. And 
the others are acid, reactive, metal complex, direct, basic, pigment, vat, anionic , 
solvent dyes…. etc. Figure 5.1 shows the structures of some dyes. 
The most conmen class of dyes is acid dyes. They are anionic compounds and most 
of them link to azo and anthraquinone groups. They are used widely in the textile 
industry [39]. 
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Figure 5.1 : The structure of some dyes [40]. 
5.3 Disadvantages of Dyes 
There are several dye pollutants which are based on industries such as textile, leather, 
food processing, dyeing, cosmetics and paper [41]. Some of them have a carcinogeric 
effects.  
Many organic dyes are industrial pollutants. Because of the stable structure of dyes, 
the decolourization becomes hard from wastewater. 
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5.4 Methods of Dye Removal   
There are a number of technique  to remove dye from water but they are affected by 
some factors like dye type,  wastewater composition, dye dose and costs of required 
chemicals,  operation costs (energy and material),  environmental fate and handling 
costs of generated waste products [40]. There are various techniques like as 
coagulation, ultra-filtration, electro-chemical adsorption and photo-oxidation for the 
removal of toxic pollutant from wastewater.  
The general method of dye removal can be coagulation and flocculation but some 
complications are occured to remove sludge. The chlorination and ozonation 
methods are other methods for removal colour from wastewater completely [42]. 
Because of the production of ozone, carcinogenic chlorinated organic compounds, 
use of ozonation and chlorination methods are limited. Reverse osmosis, ultra 
filtration and ion exchange methods provide improvements on decolorization but 
they are not economic. In contrast, adsorption method is by far the most versatile and 
widely used methods for removal dyes from wastewater. 
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6.  ADSORPTION 
6.1 Definition of Adsorption 
Adsorption is deposition of a substance on a surface or intermediate cross-section 
and is defined as the concentration increases. This process occurs in between any 
two different phases,   such as liquid-liquid, gas-liquid, gas-solid, liquid-solid [43]. 
In adsorption mechanism, the concentration of matter changes from one phase to 
another phase. Surface reactions comprise the forces between phase boundaries and 
surface boundaries. The important thing for adsorption is the properties of surface 
and boundary [44]. 
Adsorption processes take place in natural physical, biological and chemical systems, 
and it is mostly used in industrial applications. 
 
Figure 6.1 : Adsorption system [45]. 
Adsorbate is a material in the adsorbed state. Adsorpt or adsorptive is a subtance that 
is adsorbed. The substance onto which adsorption takes place is called the adsorbent. 
The increase of adsorbates onto the surface of adsorbents can be with chemical 
reaction which is called chemisorption or physical attraction which is called physical 
adsorption. To define the adsorption capacity the surface area and pore size are the 
most significant parameters [46]. In addition to, the properties of the system 
designates the relation between the adsorbent and adsorbate for adsorption. An 
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effective adsorbent has to have a large surface area per unit mass [47]. The 
adsorption method generally is used to remove toxic organic pollutants and 
contaminants from wastewater.  
6.2 The Factors Affecting Adsorption  
The main factors that affect adsorption are surface area, adsorbent structure and 
particle size, stirring rate, solubility and molecular size of the adsorbent, the pH 
value and temperature. 
The stirring rate determines the pore diffusion or film diffusion in the adsorption 
process. The low stirring rate means film diffusion and high stirring rate means pore 
diffusion [48].  
Adsorbent adsorb rapidly the matter in the liquid film which surrounds adsorbent.  
The adsorption rate is high when the contact of the solution and adsorbent at first 
time. As time progresses, there is a reduction of adsorption rate. Finding true contact 
time for adsorption process is very important especially wastewater clarification 
[49].The surface treatment is so important for adsorption because adsorption capacity 
is proportional to the specific area. The porosity and particle size, large structure and 
surface area of adsorbent increase adsorption. 
The temperature is important for adsorption because it characterizes type of 
adsorption. Adsorption process usually is exothermic character so adsorption 
capacity increases with decreasing temperature [50]. 
Solute resolution is a factor for equilibrium adsorption.  In general, there is an 
inverse relationship between the rate of adsorption of solute and the resolution of  
liquid phase. When the solubility increases the link of solvent-soluble becomes 
stronger so adsorption degree decreases [51]. 
6.3 Types of Adsorption 
Depending on the type of attractions between adsorbate and adsorbent, there are two 
general types of adsorption. These are physical and chemical adsorption. 
Physical adsorption, can be named physisorption is due to weak forces such as van 
der waals (weak intermolecular) interactions and electrostatic interactions. For this 
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reason physical adsorption is also known as van der Walls adsorption. In this type 
adsorption, the adsorbed substance is not attached to a particular site on the solid 
surface and it can move over the surface. It may concentrate and form over the layers 
on the surface of the adsorbent [52]. The rate of adsorption is controlled by transfer 
molecules to surface because physical adsorption takes place very fast [53]. 
Chemical adsorption can be named chemisorption due to the forces of attraction 
between the adsorbate and the adsorbent. This adsorption type becomes with a 
chemical link such as a covalent or ionic bond. Therefore this type of adsorption is 
irreversible. To get the matter adsorbed again, the adsorbent environment 
temperature is highly increased or adsorbent is treated with acidic-basic reactants 
[54]. 
6.4 Adsorption Capacity 
Adsorption capacity is termed as the adsorbed amount of pollutant per gram amount 
of adsorbent.  
6.5 Adsorption Isotherms 
Adsorption happens in a system which has an affinity between component and 
solution surface. The component of interest then partitions between the solution and 
the surface to reach equilibrium. During the process, measuring the decrease of the 
concentration in solution provides analytical data. Based on this datas, if the total 
amounts of solid and solution in the system are known, the amount of solute 
adsorbed per unit weight of adsorbing solid can be calculated [55]. 
The adsorption isotherm is defined the connection between the adsorbed amount of 
the adsorbent and adsorbate capacity in the system at a fixed temperature. There are 
several isotherm models such as Langmuir, Freundlich, Tempkin and Dubinin–
Radushkevich isotherm [56]. 
6.5.1 Langmuir isotherm 
The Langmuir adsorption isotherm is the more common of all isotherms describing 
adsorption. In 1916 Irving Langmuir developed it and described the monolayer 
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coverage of sorbent surface at a fixed temperature. Langmuir model is an adsorption 
model for monolayer adsorption [57]. 
 
Figure 6.2 : Langmuir isotherm system [45]. 
According to Langmuir isotherm, absorbed molecules creates a saturated monolayer. 
Langmuir isotherm model assumes uniform energies of adsorption onto the surface 
without transmigration of adsorbate in the plane of the surface [45]. 
Langmuir isotherm was calculated from: 
  
  
 
 
    
     
 
      
                                       (6.1) 
Where; 
Ce    : the initial and equilibrium liquid –phase concentration of dyes (mg L
-1
) 
qe       : the amount of dye adsorbed at equilibrium on to adsorbent (mg g
-1
) 
qmax : the maximum adsorption capacity of adsorbent (mg g
-1
) 
 b     : the constant of Langmuir isotherm  
Table 6.1 : The relation between RL and adsorption  
RL values              Adsorption 
RL > 1                 Unfavourable 
RL = 1                       Linear 
0 < RL <1              Favourable 
RL =0                    Irreversible 
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The dimensionless constant separation term (RL) calculated from Langmuir constants 
as RL=1/(1+b C0). RL indicate the nature of adsorption process as given in Table 6.1 
[58]. 
6.5.2 Freundlich isotherm 
The Freundlich equation is used to define the distribution of solute between solid and 
aqueous phases at a point of saturation. There is an exponential variation in site 
energies of the adsorbent and surface adsorption is not the rate limiting step for this 
model. There is a link between correlation coefficient and strength of the linear 
relationship [59]. 
This model has general form like shown as; 
 
            
 
 
                                         (6.2) 
 
      
 Where; 
KF   :   a measure of the adsorption capacity 
1/n :  an indicator of adsorption effectiveness 
 qe    :  the amount of dye adsorbed per unit mass of adsorbent (in mg/g) 
 Ce  :  the equilibrium concentration of dye (in mg/ L) 
 
The values of Freundlich parameters are obtained from the linear plot of log qe 
versus log Ce. The Freundlich coefficient, 1/n value, indicates the type of isotherm 
as: irreversible (1/n = 0), favourable (0 < 1/n < 1), and unfavourable (1/n>1). 
6.5.3 Temkin isotherm 
In 1940, Temkin and Pyzhev determined some indirect sorbate/adsorbate interactions 
which cause decreasing the heat of adsorption of all the molecules in the layer with 
coverage [60]. 
The Temkin equation and its linear form can be expressed as, 
                                                     (6.3) 
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Where; 
A :  the Temkin isotherm constant,  the equilibrium binding constant (dm
3
 g
-1
) 
B :  the Temkin isotherm constant, the heat of adsorption and B =RT/ b. 
qe  :  the amount of dye adsorbed per unit mass of adsorbent (mg g
-1
) 
Ce :  the equilibrium concentration of dye (mg l
-1
).  
6.5.4 Dubinin-Radushkevich isotherm 
The Dubinin–Radushkevich isotherm is used to describe adsorption on homogenous 
and heterogeneous surfaces [61]. 
A linear form of Dubinin–Radushkevich isotherm is shown as; 
 
                                                                
                                             (6. 4) 
Where, 
 
B   : a constant related to the mean free energy of adsorption (mol
2
(kJ
2
)-1) 
qm : is the theoretical saturation capacity (mg/g) 
ε    :  the polyani potential, and calculated as follows; 
                                                                
⁄                                           (6. 5) 
where R is the gas constant (8.314 J/molK) and T is the absolute temperature. The 
constant B gives the mean free energy, E, of adsorption per molecule of the 
adsorbate when it is transferred to the surface of the solid from infinity in the 
solution and can be computed using the relationship; 
           ⁄                                                (6.6) 
6.6 Kinetic Modelling 
Adsorption kinetic means sorption rate which is controlled in the equilibrium 
condition. There are several kinetic models such as pseudo-first order, pseudo-
second order, intraparticular diffusion and Elovich models. 
6.6.1 First order model 
Lagergren pseudo-first order model is the earliest known equation which describes 
the adsorption rate based on the adsorption capacity. 
25 
First-order equation can be shown as; 
                   
  
     
                               (6.7) 
Where; 
qe : the adsorption capacity at equilibrium, (mg g
-1
) 
qt : the adsorption capacity at time t (mg g
-1
),  
k1 : the rate constant of pseudo-first-order adsorption (L min
-1
). 
t   : time (min) 
6.6.2 Second order model 
The pseudo second-order adsorption kinetic rate equation is expressed as; 
 
  
 
 
     
 
 
  
                                             (6.8) 
 
Where; 
qe : the adsorption capacity at equilibrium, (mg g−1) 
qt : the adsorption capacity at time t (mg g−1),  
k2 : the rate constant of pseudo-second-order adsorption (L min−1) 
t   : time (min) 
The plot of (t/qt) and t of equation should give a linear relationship from which qe 
and k2 can be determined form the slope and intercept of the plot, respectively.  
6.6.3 Intraparticular model 
The diffusion model is generally based on one of the following mechanistic steps or 
some combination of them: 
(A) external mass transport across the boundary layer surrounding the particle; 
(B) adsorption at a surface site on the surface; 
(C) adsorbate molecules diffusion within the internal structure of the adsorbent by 
surface, pores, or combination [62]. 
This model is given by following equation: 
       
                                                (6.9) 
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Where: 
 I  : the intercept  
ki  : the intraparticle diffusion rate constant (mg min
0.5
 g
-1
) 
qt   : the adsorption capacity at time t (mg g
-1
)  
They can be evaluated from the slope of the linear plot of qt versus t 
0.5
. 
6.6.4 Elovich model 
The applicability of the Elovich equation to the sorption process was also tested. The 
Elovich equation is generally expressed as: 
   (
 
 ⁄ )         (
 
 ⁄ )                                 (6.10) 
Where ; 
qt : the adsorption capacity at time t (mg g
−1
),  
b : the constant of elovich 
a : the constant of elovich 
t : time (min) 
Thus, a plot of qt vs. ln (t) should yield a linear relationship with a slope of (1/b) and 
an d intercept of (1/b) In (a(b), if the sorption process fits the Elovich equation. 
6.7 Thermodynamic Modelling 
The thermodynamic constants, Gibbs free energy change (ΔG◦), enthalpy change 
(ΔH◦) and, entropy change (ΔS◦) are the actual indicators for practical application of 
an adsorption process. 
Thermodynamic constant are calculated using the van’t Hoff equation as shown; 
      
   
 
 
   
  
                                       (6.11) 
where ; 
kc   : the distribution coefficient 
ΔS0 : the entropy change (kj mol-1) 
ΔH0: the enthalpy change (kj mol-1) 
 R   : the universal gas constant (8.314 J mol K
-1
) 
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T  : the absolute temperature (K) 
The values of ΔH◦ and ΔS◦ are computed from  the slope and the intercept of the plot 
of ln kc vs. 1/T. 
The magnitude of activation energy (Ea) gives an idea about the type of adsorption 
which is mainly diffusion-controlled processes or chemical reaction processes. 
Energy of activation, Ea, was calculated according to a relationship between Ea and 
ΔH◦ for reactions in solution using the following equation; 
     
                                          (6.12) 
Where;  
Ea : The magnitude of activation energy (kj mol
-1
) 
ΔH◦: the enthalpy change (kj mol-1) 
 R   : the universal gas constant (8.314 J mol K
-1
) 
 T   : the absolute temperature (K) 
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7.  SCANNING ELECTRON MICROSCOPE (SEM) 
Scanning electron microscope is a type of microscope which forms images using 
electrons. Nowadays it has large use area especially medical and physical searching 
areas. 
 
Figure 7.1 : Scanning electron microscope [63] 
 The scanning electron microscope (SEM) uses a focused beam of high-energy 
electrons to create a variety of signals at the surface of solid specimens. The signals 
give information about external morphology, chemical formula and crystalline 
structure and orientation of materials making up the sample [63]. 
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8.  MATERIALS AND METHODS 
8.1.Materials 
Alginic acid sodium salt with a high viscosity (2% solution,14000 cP) and 
Montmorillonite K 10 were supplied from Sigma- Aldrich. Methylene blue was 
obtained from Merck.Calcium cloride was from Baker. 
8.2 Instruments 
Shimadzu UV-1800 Spectrophotometer and JEOL-JSM-5919LV Scanning Electron 
Microscope were used in the experiments. 
8.3 Preparation of Alginate-Monmorillonite Clay Hybride Beads 
2 g of sodium alginate was dissolved in 100 ml of distilled water with stirring and 1 g 
montmorillonite was added to this solution and stirred 1 h. CaCl2 solution was used 
as gelation medium in two different concentrations, i.e. 3% and 20%. Some part of 
alginate-clay suspension was dropped into 3% CaCl2 solution and the other part to 
20% CaCl2 solution using a 5 ml injector. The hybride hydrogel beads formed were 
filtered, washed with water.  Some part of these beads was allowed to dry at room 
temperature. Other part was taken in a beaker and after addition of distilled water on 
them, the beaker was remained in deepfreeze at -21
o
C for 24 h.  Subsequently, the 
water with beads in the beaker was defreezed, beads were filtered and dried at room 
temperature. 
8.4 Preparation of Methylene Blue Solutions ans Calibration Curve 
The stock dye solution was prepared by dissolving methylene blue in distilled water 
in 1.60 mg/mL concentration. A calibration curve was drawn for 8 different 
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concentration point as 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 and 1.6 mg/mL of MB. Dye 
concentration was determined by UV-Vis double beam spectrophotometer 
(Shimadzu UV-1800) at 664 nm. Calibration curve was given in Figure 8.1. 
 
 Figure 8.1. Methylene  blue calibration curve 
8.5 Adsorption Experiments and Optimization of Adsorbent 
Adsorption experiments were performed in a batch system. 0.1 g of each beads were 
added into aqueous solution of MB having an initial concentration of 0.8 mg/mL. 
Solutions with beads were shaken in a water-bath shaker at 40
o
C. At pre-determined 
time intervals MB contents were determined spectrophotometrically at 664 nm. The 
percent removal of MB from solutions by alginate beads were calculated as: 
            
       
  
                                    (8.1) 
 
where, Ci and Ce are the initial and final equilibrium of MB concentrations in the 
solution, respectively. 
Figure 8.2 shows the comparison of  percent removal of MB by alginate beads, 
alginate- clay hybride beads dried at room temperature just after gelation by CaCl2, 
and alginate-clay hybride beads left in deep-freezer for 24 h just after gelation and 
subsequently dried at room temperature.     
y = 59324x + 0.007 
R² = 0.9979 
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When the removal % of all bead groups is compared   the hybride alginate-clay beads 
subjected to freeze dried process showed higher removal efficiency.      
 
Figure 8.2. Removal %  of Mb as function of contact time 
8.5.1 Effect of contact time  
10 mL of dye solution with dye concentration (0.8 mg/mL) is to be prepared in a 
flask  and 0.1 g Alginate-Clay hybride beads were added. Solutions with beads were 
shaken in a water-bath shaker at 40
o
C. At pre-determined time intervals, MB 
contents were determined spectrophotometrically at 664 nm. The percent removal of 
MB from solutions by alginate beads were calculated from Equation 8.1. 
The removal of dye by adsorption using Alginate-Clay hybride beads was rapid at 
the initial period of contact time and then become slower with the increase of contact 
time. This is due the strong attractive forces between the dye molecules and the 
adsorbent. 
The effect of contact time on the adsorption of methylene blue dye on adsorbent is 
presented in Figure 8.3. Adsorption reached equilibrium at 240 minutes with 95% 
max adsorption capacity.  
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Figure 8.3. Effect of time to MB 
8.5.2 Effect of temperature 
0.1g   Alginate-Clay hybride bead was added to 10 ml of aqueous solution of MB 
having an initial concentration of 0.8 mg/mL. Solutions with beads were shaken in a 
water-bath shaker at 20, 30, 40, and 60
o 
C at 200 rpm shaking rate for 240 min. The 
removal % of MB after 240 min was given in Figure 8.3 for 4 different temperature 
values.  
 
Figure 8.4. Effect of temperature to MB 
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The removal percent of MB increases, when temperature increases from 20
    C to 
40   C. After 40  C, deformation was observed on alginate-clay hybride beads so 
percent of removal decreases at higher than  40 
0
C. Because of that reason, 40  C was 
chosen as optimal temperature. 
8.5.3 Effect of adsorbent amount 
Effect of Alginate-Clay beads at various doses on dye removal was studied. In the 
experiments, hybride beads was added to each 10 ml of aqueous solution of MB 
having an initial concentration of 0.8 mg/mL for a constant sorption time as 240 min 
and at a constant stirring speed as 200 rpm. Experiments were carried out at 40
o
C. 
For this purpose, 0.02, 0.04, 0.08, and 0.10 g beads was added to 10 ml MB solution. 
Adsorbent dosage is representing an important parameter because of its strong effect 
on the capacity of an adsorbent at a given initial concentration of the adsorbate. As 
can be estimated, the percentage of dye removal increased with increasing amount of 
Alginate-Clay Hybrids beads, however the ratio of dye sorbed to hybride beads (mg 
g-1) decreased with the increasing amount of hybride beads.  
 
Figure 8.5. Effect of adsorbent amount to MB 
Figure 8.5 shows the effect of adsorbent amount to removal efficiency. Removal % 
of MB increases from 28-95% with increasing the amount of adsorbent between 
0.02-0.1g Removal of MB % stabilizes after 0.08 g. Thus 0.1 g was selected as 
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adsorbent optimal amount for 10mL solution volume and MB concentration in the 
range of calibration curve. 
8.5.4 Effect of methylene blue concentration 
0.1g Alginate-Clay hybride beads were added to 10 ml of methylene blue solution. 
The initial concentrations of dye solution tested were 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 
and 1.6 mg/mL. Solutions were shaken at 40
0
C for and 240 min. The amount of 
removed dye was calculated as: 
          
 
 
                                        (8.2) 
 
 
Where,  
   qe = The adsorbed methylene blue amount per mass of alginate-clay hybride beads  
   Ci = The initial concentrations of methylene blue solution 
   Ce = The equilibrium concentrations of methylene blue solution 
   V =  The volume of solution  
   m =  The mass of dry alginate-clay hybride beads. 
Figure 8.6 shows the adsorbed MB amount per mass of alginate-hybride beads vs. 
equilibrium MB concentrations.  
 
Figure 8.6. Effect of metylene blue concentration to MB          
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8.6 Adsorption Isotherm Models 
In this work, several adsorption isotherm models such as those of Langmuir, 
Freundlich, Tempkin and Dubinin- Radushkevich were applied to experimental data.  
8.6.1 Langmuir isotherm model 
Equilibrium 6.1 was used to obtain Langmuir isotherm. Fig. 8.7 shows Langmuir 
isotherm of experimental data. 
 
Figure 8.7. Langmuir plot of  MB          
Table 8.1 shows the Langmuir parameters and correlation coefficients evaluated 
from the model. Equilibrium 6.1 is used to calculate the value RL. Langmuir isotherm 
indicate favorable conditions for adsorption of MB because RL is between zero and 
one. The maximum MB adsorption capacity was found from the Langmuir isotherm 
as 181.8 mg/g dry alginate-clay bead. 
Table 8.1 : Langmuir isotherm constants  
                              Langmuir Constants 
                                                       
Adsorbent                    qmax  (mg/g)               b                         RL                  R
2
 
Alginate-Clay 
 Hybride beads                 181.8                  0.048                    0.722             0.979 
y = 0,0055x + 0,1144 
R² = 0,9798 
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8.6.2 Freundlich isotherm model 
In order to apply experimental data to Freudlich isotherm, equation 6.2 was used. 
Figure 8.8 shows Freundlich isotherm of experimental data. 
 
Figure 8.8. Freundlich plot of MB 
Table 8.2 shows the Freundlich parameters and correlation coefficients evaluated 
from the plot. The 1/n value falls between zero and one, which is an indication of the 
favorable adsorption of MB on the adsorbent.  
Table 8.2 : Freeundlich isotherm constants  
                                           
Adsorbent                       KF                       1/n                    R
2
 
Alginate-Clay 
 Hybride beads                  16.76                 0.52                 0.992 
8.6.3 Temkin isotherm model 
For the Temkin’s model of adsorption, equation 6.3 was used. 
y = 0.5159x + 1.2243 
R² = 0.992 
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Figure 8.9. Temkin plot of  MB 
Table 8.3 : Temkin isotherm constants 
                           A                    B                  R
2 
                
Alginate-Clay 
 Hybride beads                   1.583                27.324            0.881 
Table 8.3 shows the Temkin parameters and correlation coefficients evaluated from 
the plot. 
8.6.4 Dubinin-Redushkevich isotherm model 
Dubinin-Radushkevich’s model of adsorption was applied to experimental data using 
Equation 6.4. Figure 8.10 shows Dubinin-Radushkevich Isotherm.  
 
Figure 8.10. Dubinin-Radushkevich plot of  MB          
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Table 8.4 shows the Dubinin-Radushkevich parameters and correlation coefficients 
evaluated from the plot.  
Table 8.4 : Dubinin-Raduskevich isotherm constants 
      qD                        B                   E                      
Adsorbent                   (mg/g)                (mol
2 
j
2
)           (kJ/mol)             R
2
 
Alginate-Clay                
 Hybride beads             128.09                2x10
-5
              158.14               0.830 
8.7 Kinetic Model of Adsorption 
8.7.1 First-order kinetic model 
For two different initial MB concentration, i.e. 0.8 and 1.2 mg/mL, first order kinetic 
model was tested according to equation 6.6. 
 
Figure 8.11. First order model of  MB 
Figure 8.11 shows the plot of log (qe-qt) versus t.  The value of k1 obtained from the 
slope of the straight line. Constants for first order model are given in Table 8.5.  
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Table 8.5 : First-order rate constants 
MB Concentration                                        qe 
    (mg/mL)                        k1                (mg g
-1
)                  R
2
                                                                              
          0.8                            0.026                 27.28                    0.818                         
          1.2                            0.017                 39.11                    0.084 
8.7.2 Second-order kinetic model 
Experimental data for two different initial MB concentrations were applied to  
Pseudo second order model according to Equation  6.7. 
 
Figure 8.12. Second order  model of   MB 
Figure 8.12 gives the plot of t/qt versus t  gives a straight line. Second order rate 
constants are given in Table 8.6.  
Table 8.6 : Second-order rate constants 
MB Concentration                                      
    (mg/mL)                  k2                     qe (mg g
-1
)                    R
2
                                                                              
           0.8                      0.0027                 83.33                         0.999 
          1.2                      0.0020                  119.05                           1 
 
y = 0.0084x + 0.0362 
R² = 0.9997 
y = 0.012x + 0.0537 
R² = 0.999 
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8.7.3 Intraparticular model 
Experimental data were applied to equation 6.8. 
 
Figure 8.13. Intraparticular  model of  MB          
Figure 8.13 gives the plot of qt versus t
0.5. 
The constants obtained from intra 
particular kinetic model are given in Table 8.7. 
Table 8.7 : Intraparticular rate constants 
MB  Concentration                                             
    (mg/mL)                   kp                         xi                           R
2
                                                                              
           0.8                      12.951                     2.4759                     0.978 
           1.2                      15.037                     15.426                     0.899 
 
8.7.4 Elovich model 
Experimental data were applied to equation 6.9 to obtain Elovich isotherm. 
y = 12.951x + 2.4759 
R² = 0.978 
y = 16.037x + 15.426 
R² = 0.899 
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Figure 8.14. Elovich model of  MB          
Figure 8.14 gives the plot of qt versus ln t.  Elovich isotherm constants are given in 
Table 8.8. 
Table 8.8 : Elovich model constants 
MB  Concentration                                             
    (mg/mL)                 a                         b                          R
2
                                                                              
          0.8                    3.301                    0.683                      0.881 
          1.2                    6.943                    0.520                      0.885 
 
 
8.8 Thermodynamic Model of Adsorption 
A sample of Alginate-Clay hybride bead (0.1 g) was added to each 10 ml of 
methylene blue aqueous solution having an initial concentration 0.8 mg/mL. The 
experiments were carried out at constant temperatures at 20, 30, 40, and 60
o 
C. The 
experiments were carried out for a constant sorption time, 240 min at constant 
stirring speed, 200 rpm. The equilibrium data for the uptake of methylene blue by 
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Alginate-Clay hybride beads have been applied to adsorption thermodynamic 
according to equilibrium 6.10. 
 
Figure 8.15. Thermodynamical model of MB          
The ΔHo and ΔSo were calculated from the slope and intercept of the linear variation 
of ln Kc with reciprocal of temperature (1000/T). Thermodynamic parameters were 
given in Table 8.9. 
 
Table 8.9 : Thermodynamic parameters 
    T                        G0                AH                        AS                  Ea                                                                                                   
  (K)                    (kJ/mol)         (kJ/mol)            (kJ/mol)          (kJ/mol)                                                                              
  293                     -3.4142         20.8382              83.5557          23.2742 
  303                    -4.8089          20.8382              83.5557          23.3574 
  313                     -7.9457         20.8382              83.5557          23.4405 
333                    -6.8878          20.8382              83.5557          23.6068 
8.9 Scanning Electron Microscope (SEM) 
The surface morphology of the polymeric beads was examined using scanning 
electron microscopy (SEM) (JEOL-JSM-5919LV). The beads were dried in air at 
room temperature before being analyzed. Fig.8.16 ans Fig. 8.17 shows the SEM 
images of the beads. Alginate-clay beads maintain some spherical shape after drying, 
however freezed alginate-clay beads loss spherical shapes and seem as pellets. Both 
y = -2.5064x + 10.05 
R² = 0.9539 
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type of beads show porous morphology, however porosity increases in the beads 
applying freezing operation before drying.  
 
Figure 8.16. Alginate-Clay Beads at -21
0
C       
 
Figure 8.16. Alginate-Clay Beads at 25
0
C       
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9.  CONCLUSION 
A composite Alginate–Montmorillonite adsorbent was developed for the removal of 
methylene blue dye from aqueous solutions. Effect of temperature, contact time and 
adsorbent amount were tested. Equilibrium was reached at 240 min. The optimal 
adsorption temperature was selected as 40
o
C. The experimental adsorption data 
obtained at optimal conditions were applied to adsorption isotherm models. All 
models showed a favorable adsorption however out of the investigated models 
Freundlich model fitted better to the experimental data since R
2
 value obtained from 
this model was found higher (0.9923) compared to those for other isotherms tested. 
This suggests that the surface of alginate –clay beads show heterogenous surface 
characteristics with several possible functional groups responsible for sorption. 
Removal % of biopolymeric beads for methyleneblue were found very high, as   95  
%. The measure of adsorption capacity was found as 16.76 from Freundlich 
isotherm. The maximum adsorption capacity was calculated as 181,8 mg MB/g 
adsorbent from Langmuir isotherm. Adsorption kinetic models were also 
investigated for experimental data. Here the second order kinetic model well 
matched to experimental data with 0,999 correlation coefficient. Thermodynamic 
analysis was carried out for all dye-adsorbent systems. It was found that the 
adsorption processes of Methylene blue on Alginate-Clay Hybride beads was 
endothermic in nature. The value of ΔH for Methylene blue adsorption on Alginate-
Clay Hybride beads was 20.84 kJ/mol, respectively. 
In conclusion, alginate-clay biosorbent prepared in this research must be a good 
adsorbent candidate to remove methylene blue dye from water. It is cheap, the 
preparation of beads is a very easy process and more importantly alginate-clay beads 
are non-toxic and biodegradable, consequently environmentally friendly materials. 
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